indicates established osteoporosis; T score ≤ -2.5 alone, osteoporosis; T score from -1 to -2.5, osteopenia; and T score < -1, normal 4 .
Various drugs are available for the treatment of osteoporosis and prevention of osteoporotic fractures. In Brazil, the annual costs of such treatment for osteoporosis in the Unified National Health System (SUS) have increased steadily, reaching some U$ 20 million by 2005 (Database of the Unified National Health System; http://www. datasus.gov.br, accessed in December 2006). The drugs included in these expenditures are: alendronate sodium, pamidronate, risedronate, raloxifene, synthetic salmon calcitonin, calcitriol, and alfacalcidol 5 .
Information on drug efficacy for treatment of osteoporosis is necessary in the public health sphere to evaluate adequacy and support the updating of clinical protocols, based on the available scientific evidence.
The objective of the current study was to present a systematic review of the available drugs for treatment of osteoporosis, with a focus on evaluating their efficacy.
Methodology
We conducted a search for relevant articles in the PubMed database and in Latin-American Health Sciences Literature (LILACS). The PubMed search used Reference Manager 11 (The Nordic Cochrane Centre; http://www.cc-ims.net/RevMan) and LILACS was searched directly through the BIREME portal in the BVS network (http://www. bireme.br), with the result of the latter search exported to Reference Manager 11.
The following key words were used: {osteo-porosis} and {postmenopausal} or {post-menopausal} or {post menopausal} and {efficacy} and {raloxifene} or {calcitonin} or {strontium ranelate} or {bisphosphonates} or {alendronate} or {rise-dronate} or {ibandronate} or {pamidronate} or {parathyroid hormone} or {zoledronic acid} or {arzoxifene} or {lasofoxifene} or {etidronate} or {tiludronate} or {clodronate} or {zoledronate} or {neridronate} or {anti reabsorptive} or {calcium} or {vitamin D} or {estrogen} or {progesterone} or {selective estrogen modulator} or {tamoxifen} or {alfacalcidol}.
The search criteria were applied to the titles and abstracts. During the PubMed search, the following limits were set for inclusion of titles and abstracts: language (English, Portuguese, or Spanish), studies on human beings, and articles on treatment efficacy. There was no restriction on the date of publication for articles, and the search was conducted up to October 2007.
In order to identify studies that may not have been detected in the initial strategy, an additional manual search was done in the bibliographic references of the review articles. The references most frequently cited in the articles and that met inclusion criteria were incorporated into the review.
Titles and abstracts of relevant articles were analyzed according to the following eligibility criteria:
• Efficacy study (randomized clinical trial);
• Conducted in a sample of women with postmenopausal osteoporosis;
• Evaluated drugs for treatment of osteoporosis that were previously defined in the search criteria; • Presented at least one of the following outcomes/results: increase/decrease in lumbar spine BMD; increase/reduction in vertebral fractures; and adverse drug reactions.
The articles meeting the eligibility criteria were selected by two reviewers, and discordant cases were analyzed by a third reviewer. Articles were submitted to detailed reading, and data were grouped in descriptive tables, determining the study author, year, and location, project name (when possible), patient follow-up time, sample size, and intervention, losses, adverse reactions in the treatment group, and score in the evaluation of the study's methodological quality.
Data completion for the number of individuals per intervention was based on those with baseline data and who had taken at least one dose of the drug. Losses were defined as subjects who had not concluded the study's complete follow-up time.
Methodological quality of the selected randomized clinical trials was evaluated using the criteria from the modified Jadad scale 6 . Two independent reviewers conducted this evaluation, and discordant cases were analyzed by the third reviewer. The final inclusion criterion in this review was studies with a score of 5-6, with the best quality and lowest risk of bias.
Results
We found an initial group of 551 titles and abstracts for studies on pharmacological treatment of osteoporosis. According to the eligibility criteria, 156 abstracts were considered eligible by the first reviewer and 220 by the second reviewer, with a kappa coefficient of 0.613 between the two analyses, thus indicating fair-to-good concordance. 98 abstracts were submitted to the third reviewer due to discordance concerning eligibility, of which only four were considered eligible.
The manual search for citations in the publications detected 25 references, but 16 had already been identified during the initial search ( Figure 1 ). Thus, a total of 138 references were selected. Of these, 8 articles could not be retrieved, even after requests for bibliographic exchange (COMUT) or direct communication with the authors themselves. During the data mining, 49 more articles were excluded, since they failed to meet the inclusion criteria, either because they included men in the study or included osteopenic (rather than osteoporotic) women, or because they expressed results that did not allow data comparison, so that 81 articles remained in the final selection.
The methodological quality of 81 studies was evaluated, based on the criteria from the Jadad scale. There was concordance in the classification of 73 articles, with a weighted kappa of 0.942 between the two analyses, indicating high concordance. In cases of discordance between the first two reviewers (8 articles), the score was assigned by the third reviewer.
For the 81 randomized clinical trials, the mean score for the methodological evaluation was 4 points. 40.7% obtained a score of 5-6, considered high quality/low risk of bias. 38.3% obtained a score of 3-4, demonstrating appropriate quality/moderate risk of bias. Only 21% received a score of 0-2, or poor quality/high risk of bias. According to the Jadad criteria, the studies' main limitations were:
• Use of an inappropriate randomization sequence (47 studies); • Inappropriate masking method (45 studies); • Lack of intent-to-treat analysis (28 studies); • Lack of data masking by the data collector or evaluator (25 studies) • Lack of description of participants that were excluded or dropped out of treatment (18 studies).
According to the proposed methodology, we present and discuss the randomized clinical trials that obtained scores 5 and 6. Of the 32 articles presented in Table 1 , 28.1% were published in 2004, and the rest from 1992 to 2007. Most of the studies were multi-center (75%). Iris and Mobile were the most frequent trials covered by articles in this review. Mean follow-up time was 26 months (ranging from 12 to 60). Sample size varied from 75 to 2,929, with a mean of 852 subjects. Losses varied from 0 to 811, with a mean of 87 subjects, while one study lacked this information.
Studies compared alendronate to placebo (n = 3), estrogen (n = 1), raloxifene (n = 2), alfacalcidol (n = 1), at different doses (n = 1), and to teriparatide (n = 1). Risedronate was compared to placebo (n = 4) and at different doses (n = 1). Ibandronate was compared to placebo (n = 4) and at different doses (n = 4). Various articles compared other drugs to placebo: clodronate (n = 1), zoledronic acid (n = 1), estrogen (n = 1), parathyroid hormone (PTH) 1-84 (n = 1), calcitonin (n = 1), strontium ranelate (n = 2), raloxifene (n = 1), and monofluorophosphate (n = 2).
As for outcomes, two studies evaluated vertebral fractures only, 19 evaluated both vertebral fractures and lumbar spine BMD, and 11 studies lumbar spine BMD. Incidence of vertebral fractures ranged from 0 to 56.7%; mean lumbar spine BMD ranged from -2 a 22%, with a mean of 3.8%. In the group treated with some drug, incidence of vertebral fractures varied from 0 to 56.7%, and mean lumbar spine BMD varied from 0 to 22%. In the placebo group, incidence of vertebral fractures ranged from 0 to 54.7%, and mean lumbar spine BMD varied from -2 to 1.7%.
Bisphosphonates
The bisphosphonate class in the selected studies included: alendronate, risedronate, ibandronate, clodronate, and zoledronic acid. Of the studies that evaluated alendronate, five presented vertebral fracture as the outcome and eight presented lumbar spine BMD. In the study that compared alendronate to placebo, the treatment group had significantly fewer vertebral fractures (8%) than the placebo group (15%) 7 . In a study comparing alendronate to alfacalcidol, the incidence of fractures was lower in the group treated with alendronate (p < 0.05) 8 . Three studies showed no incidence of fractures in either group (drug versus placebo) 9, 10, 11 .
As for studies on alendronate using lumbar spine BMD as the outcome, one compared alendronate to alfacalcidol, with alendronate showing a higher increase in lumbar spine BMD than alfacalcidol (p < 0.05) 8 . When comparing different presentations of alendronate, the drug treatment arms showed better results than placebo (p < 0.001), and the best results were at doses of 5 and 10mg 9 . In the study that evaluated different dosages (daily and monthly), there was no statistically significant difference between the two treatments 10 . Comparing alendronate to raloxifene, efficacy was greater in the group treated with alendronate (p < 0.001) 11 . Comparing alendronate 10mg to placebo, alendronate was more effective (p ≤ 0.001) 12 . The study comparing alendronate to estrogen showed synergism in the association of the two drugs, superior to the results when they were taken independently or as compared to placebo (p < 0.001) 13 . A study comparing alendronate to raloxifene showed that the mean increase in lumbar spine BMD was greater Duplicate study: 4
Cohort: 3
Reasons for 1 exclusion: st in the group treated with alendronate 70mg once a week than in the group treated with raloxifene (p < 0.001) 14 .
The five studies evaluating the use of risedronate presented the two outcomes (vertebral fractures and lumbar spine BMD) 15, 16, 17, 18, 19 . In relation to vertebral fractures, the study comparing different doses (5mg/day and 35 and 50mg/ week), showed no statistically significant difference in incidence between the groups 15 . A study comparing risedronate 5mg/day to placebo did not conduct a statistical analysis of the incidence of vertebral fractures, although it was higher in the treatment group (9.1%) as compared to the placebo group (7.1%) 16 . Clemmesen et al. 17 evaluated the continuing effect of treatment with risedronate one year after interrupting use, showing the lack of efficacy of treatment due to the insufficient dose of the drug. There was no statistically significant difference between the results when using the drug or placebo. Two authors compared risedronate 2.5 and 5mg/day to placebo 18, 19 . Harris et al. 18 observed better efficacy in the treatment group at 5mg (p < 0.05), while at the end of the first year of the trial they detected low efficacy for risedronate at 2.5mg, leading to a change in the initial study design, excluding this group. Meanwhile Hooper et al. 19 did not detect any difference between the three groups in the incidence of vertebral fractures (p > 0.05).
In relation to increase in lumbar spine BMD for studies on risedronate, Brown et al. 15 showed no statistically significant difference between groups. Ste-Marie et al. 16 detected BMD better results in the risedronate (9.2%) versus placebo group (-0.3%) (p < 0.05). Clemmensen et al. 17 did not observe any statistically significant difference between the results, comparing the drug to placebo. Harris et al. 18 observed a higher increase in lumbar spine BMD in the group treated with the drug at 5mg (p < 0.05) as compared to placebo. Hooper et al. 19 detected a difference in lumbar spine BMD (p < 0.05), with an increase of 2% using 5mg/day and a reduction of 2% for placebo.
Five studies evaluated oral ibandronate, with two on the incidence of vertebral fractures and four on changes in lumbar spine BMD 20, 21, 22, 23, 24 . In relation to incidence of vertebral fractures, in the study comparing ibandronate 2.5mg to placebo, the treatment group showed a better response than the placebo group (p < 0.0001) 20 . Another study comparing two different doses to placebo showed better efficacy in the groups treated with the drug (4.7 and 4.9%) as compared to placebo (9.6%), with a statistically significant difference, but the results were similar for the different doses 21 .
As for the lumbar spine BMD as the outcome, Chesnut et al. 21 found a statistically significant difference between the treatment and placebo groups, but no difference between the two different dose arms. Three studies evaluated lumbar spine BMD in comparisons between different dose models, but without comparing to placebo 22, 23, 24 . The different monthly or weekly dose models were not inferior to the daily model. There was only a significant difference when comparing the lowest (2.5mg) to the highest dose (150mg) (p < 0.001). Importantly, two of the articles were by Mobile, thus dealing with the same study, with different follow-up times (12 and 24 months) 22, 23 . Three studies evaluated IV ibandronate, with one focusing on vertebral fracture as the outcome and three on lumbar spine BMD 25, 26, 27 . In relation to the incidence of vertebral fractures, Recker et al. 25 , showed no statistically significant difference between the groups. In relation to alteration in lumbar spine BMD, in this same study, treatment was more effective than placebo (p < 0.0001) 25 . Adami et al. 26 detected a statistically significant difference between the three groups, with the best efficacy in the group ibandronate 2mg IV every three months. A comparison of oral to IV ibandronate showed better efficacy in the IV group (p < 0.05) 27 .
Concluding the class of bisphosphonates, two studies compared clodronate and zoledronic acid to placebo 28, 29 , showing both target outcomes. The study on clodronate showed statistically superior results for lumbar spine BMD and vertebral fracture incidence in the treatment group as compared to placebo (p < 0.0001 and p = 0.001, respectively). The study on zoledronic acid, evaluating various doses, showed a difference in lumbar spine BMD between the treatment and placebo groups (p < 0.001). However, there was no statistically significant difference between the doses investigated. There were no fractures in either the treatment or placebo group 29 .
Hormone replacement therapy
Only one article on hormone replacement therapy (HRT) remained in the review, showing better efficacy for estrogen/progesterone as compared to placebo, both for reduction in the incidence of vertebral fractures and increase in lumbar spine BMD, with statistically significant differences 30 .
Parathyroid hormone
Two studies on PTH only presented lumbar spine BMD as the outcome 31, 32 . In the study on PTH (1-84), the treatment group showed better results (7.8%) (p < 0.05) 31 . Meanwhile PTH (1-34) , marketed as teriparatide, showed an important increase in lumbar spine BMD as compared to alendronate (p ≤ 0.001). Both groups showed adverse reactions: leg cramps in the teriparatide group and back pain in the alendronate group 32 .
Other studies
Other studies compared calcitonin, raloxifene, monofluorophosphate, and strontium ranelate to placebo 33, 34, 35, 36, 37, 38 . All of them presented the results for vertebral fractures and lumbar spine BMD. For calcitonin, the increase in lumbar spine BMD was similar in the treatment and placebo groups 33 . As for incidence of vertebral fractures, there was only a difference between the 200 IU dose and placebo (p < 0.05) 33 .
Raloxifene showed an increase in lumbar spine BMD as compared to placebo (p < 0.05), but there was no difference in effect between the two doses (p = 0.167). In addition, individuals taking 120mg showed a higher incidence of abdominal distension, and the treatment group had a higher incidence of vertebral fractures than the placebo group. However, according to the author, the study lacked the statistical power to detect a statistical difference in fracture incidence between the groups 34 .
Monofluorophosphate showed better results than placebo for lumbar spine BMD and incidence of vertebral fractures (p < 0.001 and p = 0.05 respectively) 35 . Reid et al. 36 observed efficacy for low-dose monofluorophosphate, both for increased lumbar spine BMD (p < 0.001) and reduction in the incidence of vertebral fractures (without presenting the statistical analysis). The authors further reported that low doses of the drug were more effective than high doses. Many studies have used toxic doses, and much lower doses need to be evaluated in order to obtain a safe dose for use of the drug as an anabolic agent.
Comparison of strontium ranelate to placebo showed better efficacy of the drug for both increased lumbar spine BMD and reduction in the incidence of vertebral fractures (p < 0.01) 37 . However, the treatment group showed a higher incidence of diarrhea, a decrease in calcium and phosphorus levels, and increased serum creatine 37 . A study on different doses of the same drug showed an increase in lumbar spine BMD that was only statistically significant when comparing the 2.0g dose to placebo (p < 0.01) 38 . For the other doses, there was no statistical difference in this outcome. In this same study, considering vertebral fracture as the outcome, the 0.5 and 2.0g doses showed a statistically significant reduction in the risk of fractures. These two studies included an adjustment in the lumbar spine BMD values due to the interference of strontium in the test 37, 38 .
Adverse reactions
Six studies reported that adverse reactions showed statistically significant differences between groups 11, 29, 32, 33, 34, 37 . Eleven studies reported that the adverse reactions were similar between groups 8, 12, 13, 14, 15, 16, 18, 20, 21, 22, 38 . Meanwhile, the majority (n = 13) did not conduct statistical analysis 9, 10, 17, 19, 22, 24, 25, 26, 27, 30, 31, 35, 36 . Two studies did not evaluate adverse reactions 7, 28 .
Discussion
In women, osteoporosis and fractures occur mainly as a consequence of postmenopausal estrogen deficiency and an imbalance between bone resorption by osteoclasts and bone formation by osteoblasts, leading to bone loss with each remodeling cycle.
The bisphosphonates are a class of drugs that act on the inhibition of bone resorption. The majority of the clinical trials evaluated alendronate, with well-established efficacy in reducing fractures and increasing lumbar spine BMD. This drug is considered the first choice for treating osteoporosis in postmenopausal women with fracture risk, at the dose of 10mg/day, while there is no clinical evidence for clinical efficacy or tolerability with intermittent doses 39, 40 .
Risedronate showed efficacy in practically all of the studies, principally at 5mg/day. However, there was no comparison between this drug and alendronate, the first bisphosphonate marketed in Brazil. The literature shows that the reduction in vertebral fracture risk was better in the first year of treatment (64%) than in the third (45%) 41 , and the optimum treatment duration was not defined 42 . These data could explain the negative results found in a clinical trial lasting 60 months 16 .
Intravenous ibandronate has demonstrated efficacy and is an alternative for bedridden patients or those with gastrointestinal problems 43 . Oral administration (both daily and monthly) has demonstrated efficacy, so it is up to the patient and physician to decide on the best dosing regimen. Pyon 44 reports that patients may prefer monthly administration, since it is more convenient than weekly bisphosphonates.
There was only one study that evaluated clodronate, and one on zoledronic acid. Clodronate is the least potent of the bisphosphonates, and there are conflicting data on its efficacy 45 . In the study on zoledronic acid, the drug's efficacy against fractures was not clear. It is the most potent of the bisphosphonates, but should be used with caution in patients taking nephrotoxic medication, due to the risk of deterioration in renal function 45, 46 .
HRT showed efficacy in the treatment of postmenopausal osteoporosis and synergic action in increasing lumbar spine BMD when estrogen and alendronate were combined. However, there is controversy concerning the reduction in fracture risk and increase in BMD, and its use has been associated with increased risk of coronary disease, breast cancer, aneurysm, and pulmonary embolism 47, 48, 49 . A study in the United States with postmenopausal women concluded that the effect of HRT on decrease in fracture risk is valid for short time periods (< 5 years) and that the effect decreased after interrupting its use 50 . Another study on the effects of HRT in the United Kingdom concluded that in the majority of young women (< 45 years), the risks outweigh the benefits, while the opposite was true for older women (> 70 years). The patient and physician should make the choice as to use of HRT, weighing the risks and benefits 51 . Therefore, the tendency is towards a reduction in the use of estrogens, due to the availability of other drugs that have demonstrated good results with less risk to the user's health 52 .
PTH (1-84), although showing efficacy against osteoporosis, displayed adverse reactions due to its different biological actions 53 . PTH (1-34), more biologically specific than PTH (1-84), obtained better results for increase in lumbar spine BMD. However, neither of the two clinical trials presented results for reduction in the incidence of vertebral fractures. A review by Hodsman et al. 54 reports that the anti-fracture efficacy of PTH is not superior to the bisphosphonates, and that the treatment costs with teriparatide are significantly higher. In addition, its use is not recommended for more than two years, based partially on the experimental induction of osteosarcoma in rats.
Only one study on calcitonin was evaluated and failed to demonstrate efficacy in increasing lumbar spine BMD and reducing vertebral fractures. However, this drug appears to be useful for treating pain associated with postmenopausal osteoporosis, increasing the levels of β-endorphin, thus acting as a good analgesic agent 55 .
Raloxifene, a selective estrogen receptor modulator (SERM), showed efficacy, but adverse reactions can occur with its use. Gennari et al. 56 report that this drug increases the relative risk of venous thromboembolism and fatal stroke. Other molecules from this class are being researched and promise to be more potent and effective for the prevention and treatment of osteoporosis. Raloxifene showed inferior results to alendronate and should only be indicated in cases when the latter is contraindicated.
Low-dose monofluorophosphate showed high efficacy and low toxicity. A meta-analysis demonstrated that low doses of fluoride were associated with a significant reduction in fracture risk, which is not true for higher doses 57 .
Strontium ranelate showed efficacy against fractures. A review study reported that although treatment with strontium ranelate is effective, the adverse reactions are dose-dependent and the potential vascular and neurological side effects require further investigation 58 .
The principal limitations of the 81 selected studies, according to the methodological evalu-ation, related to the randomization sequence, often hidden or inappropriate, and the masking method, especially in relation to identification of the placebo.
In relation to study limitations, only clinical vertebral fractures were considered as the outcome. It is known that non-vertebral fractures occur at a much lower frequency than vertebral fractures in osteoporotic women. In addition, only lumbar spine BMD was considered, excluding hip and cervical BMD. There was also a difference in follow-up time between the various clinical trials, which did not allow quantitative comparison between the studies. Another relevant aspect is the fact that the majority of the studies compared drugs to placebo, thus not generating information on the clinical superiority of some drugs over existing treatment.
Conclusion
In postmenopausal women with osteoporosis, BMD can be increased and vertebral fractures effectively prevented with drug treatment. A high correlation is also observed between increase in lumbar spine BMD and reduction in the incidence of vertebral fractures, with BMD serving as the best available predictor for evaluating risk of vertebral fractures 44, 59 . The bisphosphonates, principally alendronate 10mg/day and IV ibandronate have proven their clinical efficacy, including in relation to raloxifene. The association of estrogen and alendronate demonstrate synergic action in increasing lumbar spine BMD. However, there is controversy concerning the efficacy of hormone replacement therapy, and its use has been associated with increased risk of various diseases. Teriparatide and monofluorophosphate have also demonstrated efficacy against osteoporosis. Meanwhile, calcitonin and strontium ranelate failed to show relevant increases in lumbar spine BMD or reduction in vertebral fractures. Calcium and vitamin D were given to patients as food supplements in all of the treatment groups in the published clinical trials.
Few studies were found on some drugs, but this observation is not meant to discourage their use. It merely suggests the need for greater caution in their utilization, namely they should only be considered as an alternative in cases when traditional options with proven efficacy have failed to produce satisfactory results, in individuals with specific characteristics.
For public health authorities, it is indispensable to adjust the treatment protocols for osteoporosis with evidence-based medicine. Drug prescribers should also pay greater attention to the information published in different medical communications media, since as observed in this review, the adverse reactions are often neglected in the different studies. In a population with such peculiar characteristics as individuals with osteoporosis, such events can lead to the interruption of the drug's use or even greater harm to the user's health. 
Resumo

